A ligase-based assay for selective detection of apoptosis in tissue sections using oligonucleotide probes was recently reported (1) . This assay detects apoptosis when it is accompanied by internucleosomal DNA cleavage with the production of multiple doublestrand breaks and electrophoretic ladder-type DNA fragmentation. Detection of double-strand breaks in apoptotic DNA in this assay is by ligation of labeled double-stranded DNA fragments to the ends of DNase I-type breaks (1) . Unlike conventional terminal transferase-based labeling (TUNEL), the assay stains apoptotic but not necrotic or transiently damaged cells (1, 2) . The major drawback of the assay, limiting its usefulness, is high background staining caused by nonspecific binding of the probe to the cells in the tissue sections.
Several modifications were previously introduced to reduce background labeling: (i)synthetic hairpin-shaped oligonucleotides were substituted for PCR-derived probes to obtain uniform, well-defined, and highly purified probes (2) and (ii) long, stringent, high-temperature washes were used after ligation (1) or before ligation (2) . However, these approaches increased the time required to perform the assay and did not sufficiently decrease the background staining. Modifications described in this article, however, have virtually eliminated background staining.
Previously used oligonucleotide probes were synthesized with 20 baselong loops that contained five nucleotides modified by the attachment of biotin. The probes also had a 10 bplong stem with a short 3 ′ overhang that could be ligated to double-strand breaks in DNA ( Figure 1A) (1,2) . The placement of a nonradioactive label in the loop away from the stem of the hairpin was intended to prevent potential interference of the large biotin groups with the enzymatic linkage of the probe to the section. However, the single-stranded loop consisted of unpaired nucleotides and was charged and therefore highly reactive. Nonspecific binding could be caused by interactions between a negatively charged singlestranded loop of the probe and positively charged protein molecules or by nonspecific hybridization to cellular RNA or single-stranded regions in cellular DNA, present in damaged or necrotic cells. In addition, the flexible loop structure could easily twist and thus prevent all of the tagged nucleotides from being detected. The presence of several closely positioned biotinylated nucleotides was also redundant and likely created steric hindrance problems. With these issues in mind, we designed a new oligonucleotide probe ( Figure 1B ).
In the new probe design, the highly reactive single-stranded loop was eliminated. This modification virtually eliminated nonspecific binding of the probe to tissue sections. To avoid steric hindrance problems and to create better conditions for the reaction between biotin and streptavidin in probe detection, the number of biotins was reduced from five to one. The single biotin was positioned at the opposite end of the hairpin stem, at a maximal distance from the ligatable end. The biotin was incorporated into the probe either by using amino modifier C6 deoxythymidine with subsequent attachment of biotin bis-bis-aminohexanoyl N-hydroxysuccinimide ester (Synthetic Genetics, San Diego, CA, USA) or by chemical insertion of biotinTEG phosphoramidite (Glen Research, Sterling, VA, USA) directly into the oligonucleotide backbone (performed by Oncor, Gaithersburg, MD, USA). Both types of labeling gave similar results.
In situ ligation using oligonucleotide probes of the previous (looped) and the new (loopless) designs was performed on 6 µ m thick tissue sections of dexamethasone-treated rat thymus, a classical model of apoptosis (4) . Sections were deparaffinized with xylene, rehydrated in graded alcohol concentrations, briefly washed in water and then treated with proteinase K (50 µ g/mL) in 0.1 M PBS for 15 min. In preliminary experiments, we found that ligation still pro -
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Vol. 27, No. 6 (1999) . No background staining was present when the loopless probe was used (1B, 2B, 3B). Because terminal transferase labeling was shown to be specific for apoptotic cells in dexamethasone-treated thymus (3), it was used in a double-staining procedure to co-localize the terminal transferase-based signal and in situ ligation using looped and loopless probes. stituted for T4 DNA ligase. Sections were covered with glass coverslips and placed in a humidified box for 16 h at room temperature (23°C). In preliminary experiments, the time and temperature were shown to be optimal for in situ ligation. Sections were then washed in water (3 × for 10 min). Avidin-fluorescein conjugate (4 µ g/ mL; Vector Laboratories, Burlingame, CA, USA) was added to the sections in 50 mM sodium bicarbonate, 15 mM sodium chloride, pH 8.2, for 45 min. The sections were washed in the same buffer 3 ×for 10 min, mounted in Vectashield ® (Vector Laboratories) and observed by fluorescent microscopy.
For the detection of free DNA 3 ′ hydroxyls with terminal transferase, we used the procedure previously published (3), but used Texas Red ® as the label rather than biotin. After completion of the ligation reaction and three 10 min washes in water, a mixture comprised of 30 mM Tris-HCl, pH 7.2, 140 mM sodium cacodylate, 1 mM cobalt chloride, 0.1 mM dithiothreitol (DTT), 8 µ M Texas Red dUTP (Molecular Probes, Eugene, OR, USA), and 800 U/mL terminal transferase (Roche Molecular Biochemicals) (20 µ L per section) was added to the sections. The sections were incubated for 1 h at 37°C. After washing in water (3 ×for 10 min), the sections were mounted in Vectashield and observed by fluorescent microscopy. Figure 2 is a composite micrograph showing background staining in apoptotic cells at high magnification using fluorescent detection. It demonstrates that the looped probe has higher background, caused by ligase-independent attachment to both cytoplasmic and nuclear compartments. Staining with the loopless probe shows localization of the signal in the areas of apoptotic chromatin condensation on the nuclear membrane. The double-staining procedure with visualization of both 3 ′ hydroxyls and full double-strand breaks demonstrates co-localization of both ligase-and terminal transferase-based signals in the same nuclei with more intense staining of chromatin precipitated on the nuclear membrane by in situ ligation. This data is consistent with our previous results (1, 2) .
The new probe design, analyzed by fluorescent microscopy, has resulted in a substantial reduction of nonspecific background, with no need for long stringent washes. It has also made the assay more cost effective by using a much shorter probe and reducing the number of biotins in the probe without loss of sensitivity.
In conclusion, our findings indicate that ligase-mediated apoptosis detection in tissue sections can be enhanced and simplified by using a newly designed loopless hairpin oligonucleotide probe. The reproducibility of the probe preparation, the economy of the reagents, the possibility of double-staining with terminal transferase and the simplicity of the assay are factors that make the method attractive for use by other laboratories.
Extraction of Intact Ribosomal RNA from Anaerobic Bioreactor Samples for Molecular Ecological Studies
BioTechniques 27:1132-1138 (December 1999) Anaerobic bioreactors are considered an efficient means for the reduction of pollution loads from waste with concurrent production of bioenergy in the form of methane (1, 7) . A wide range of solid wastes such as sewage sludge and different forms of industrial wastes have been used, separately or in combination, as substrates in biogas reactors (2,7,9). Furthermore, anaerobic immobilized processes such as the upflow anaerobic sludge blanket (UASB) have been exploited for treatment of industrial effluents (14). With the increased use of anaerobic treatment of different environmental wastes, it is of major importance to understand the dynamics of the anaerobic biological activities involved in these processes.
Ribosomal RNA genes, especially 16S rRNA, are now considered one of the golden standards in studying population dynamics in different environments including biological reactors (13,15). The continual increase in comparative rDNA sequence information has facilitated the development of a wide variety of oligonucleotide primers and probes with specificities that range Benchmarks
